Changes in the DNA methylation profile of the rat H19 gene upstream region during development and transgenic hepatocarcinogenesis and its role in the imprinted transcriptional regulation of the H19 gene.
Monoallelic expression of the imprinted H19 and insulin-like growth factor-2 (Igf2) genes depends on the hypomethylation of the maternal allele and hypermethylation of the paternal allele of the H19 upstream region. Previous studies from our laboratory on liver carcinogenesis in the F1 hybrid of Fischer 344 (F344) and Sprague-Dawley Alb SV40 T Ag transgenic rat (SD) strains revealed the biallelic expression of H19 in hepatomas. We undertook a comparative study of the DNA methylation status of the upstream region of H19 in fetal, adult, and neoplastic liver. Bisulfite DNA sequencing analysis of a 3.745-kb DNA segment extending from 2950 to 6695 bp of the H19 upstream region revealed marked variations in the methylation patterns in fetal, adult, and neoplastic liver. In the fetal liver, equal proportions of hyper- and hypomethylated strands revealed the differentially methylated status of the parental alleles, but in neoplastic liver a pronounced change in the pattern of methylation was observed with a distinct change to hypomethylation in the short segments between 2984 and 3301 bp, 6033-6123 bp, and 6518-6548 bp. These results indicated that methylation of all cytosines in this region may contribute to the imprinting status of the rat H19 gene. This phenomenon of differential methylation-related epigenetic alteration in the key cis-regulatory domains of the H19 promoter influences switching to biallelic expression in hepatocellular carcinogenesis. Similar to mouse and human, we showed that the zinc-finger CCTCC binding factor (CTCF) binds to the unmethylated CTCF binding site in the upstream region to influence monoallelic imprinted expression in fetal liver. CTCF does not appear to be rate limiting in fetal, normal, and neoplastic liver. 3' to the CTCF binding sites, another DNA region exhibits methylation of CpG's in both DNA strands in adult liver, retention of the imprint in fetal liver, and complete demethylation in neoplastic liver. In this region is also a putative binding site for a basic helix-loop-helix leucine-zipper transcription factor, TFEB. The differential CpG methylation seen in the adult that involves the TFEB binding site may explain the lack of expression of the H19 gene in adult normal liver. Furthermore, these findings demonstrate that the loss of imprinting of the H19 gene in hepatic neoplasms of the SD Alb SV40 T Ag transgenic rat is directly correlated with and probably the result of differential methylation of CpG dinucleotides in two distinct regions of the gene that are within 4 kb 5' of the transcription start site. Cytogenetic analysis of hepatocytes in the transgenic animal prior to the appearance of nodules or neoplasms indicates a role of such loss of imprinting in the very early period of neoplastic development, possibly the transition from the stage of promotion to that of progression.